Abstract Chocolate spot is an important disease of faba bean (Vicia faba) caused by the necrotrophic fungus Botrytis fabae. The aims of this work were: i) to compare different methods of screening for resistance; ii) to assess the influence of the age of host tissue and temperature on this pathosystem. To this effect, a collection of 42 faba bean accessions was evaluated in mature plant stage in the field in Cordoba (Southern Spain) and in detached leaflet and whole plant tests under controlled conditions. Field results correlated better with those of the whole plant test than with those of the detached leaflet assay. Integration of results from the field and whole plant experiments resulted in the selection of six accessions of interest as sources of resistance. Influence of leaf age on disease development was found to be genotype dependent. Older leaves were more susceptible than younger ones in 23 accessions, while no difference between leaf ages was detected in the remaining accessions. The effects of plant age and temperature were assessed by a whole plant test on seven accessions at two plant ages (4 and 7 weeks) and three temperatures (13, 20, and 25°C). Results showed that the differential genotypic responses to B. fabae were not significantly influenced by either plant age or temperature, although there was a tendency towards lower susceptibility to chocolate spot in faba bean plants as they become older. Further, a partial hightemperature, young-plant resistance was detected.
Introduction
Chocolate spot, caused by Botrytis fabae Sard., is an important disease of faba bean (Vicia faba L.) of worldwide distribution (Bouhassan et al. 2003; Tivoli et al. 2006; Stoddard et al. 2010) . Several cycles of infection may take place in a short period of time, particularly when mild temperatures and high relative humidity occur, giving rise to extended necroses that can frequently cause defoliation and even death of whole plants (Harrison 1988) . Unfortunately, only low levels of resistance are available in faba bean cultivars. A number of sources of resistance has been identified (Sillero et al. 2010 ) that still need to be transferred to commercial cultivars via breeding. Most of the resistance screenings are based on field trials. However, rapid and reliable screening methods under controlled conditions are needed to complement field trials in order to minimise environmental effects and to save space and time.
A detached leaflet test has been widely used for resistance screenings and for analysing components of resistance or assaying different factors affecting the response of V. faba to B. fabae (Hutson and Mansfield 1980; Hanounik and Robertson 1988; Bouhassan et al. 2003 Bouhassan et al. , 2004b . Nevertheless, it is known that detached leaf screenings do not always discriminate very finely between the different degrees of resistance or susceptibility to infection by the pathogen (Bouhassan et al. 2004a) . Whole plant screenings, although widely used in other legume pathosystems (Tivoli et al. 2006) have barely been employed in V. faba/B. fabae (Tivoli et al. 1986 ). The main advantage of a whole plant test over the detached leaf test is that instead of being limited to some leaves it allows the study of the plant as a whole organism interacting with the pathogen.
Controlled-environment evaluations are most practical and beneficial to plant breeders if they accurately represent similar field evaluations (Ricard and Johnston 2005) . The correlation coefficients between both sets of results are viewed as a measure of the suitability of controlled-condition tests in different pathosystems, helping to elucidate which ones are useful (Kuntze et al. 1997; Tahi et al. 2006; Twizeyimana et al. 2007) and which ones are not (Smith et al. 2003; Ricard and Johnston 2005) . The decision threshold may vary from one system to another, but as a general rule it could be accepted that coefficients larger than 0.7 indicate high correlations, while those between 0.5 and 0.7 would mean moderate correlations (Kuntze et al. 1997; Kim et al. 2000; Driscoll et al. 2009 ). From our point of view, anything below 0.5 should be regarded as lowly-correlated.
A wide number of factors, such as physiological and environmental conditions, are known to influence plant pathosystems, either by affecting the host, the pathogen, or their interaction. In the case of V. faba/B. fabae, leaf age is known to be a major factor, with younger leaves being reported as less susceptible to infection by B. fabae than older ones in the same plant (Harrison 1988; Heilbronn and Harrison 1989; Bouhassan et al. 2004b ). Similar results have been reported for other pathosystems such as: potato/ Phytophtora infestans (Visker et al. 2003) , potato/ Alternaria solani (Rodriguez et al. 2006) , taro/ Phytophtora colocasiae (Brooks 2008) , or parsley/ Septoria petroselini (Kurt and Tok 2006) . However, leaf age effects were only tested on a small number of V. faba accessions and mostly on detached leaves so the conclusions should be validated on a wider range of genotypes on whole plants. Older leaves of faba bean in the field tend to be more susceptible to chocolate spot, probably due to the microenvironmental conditions: the bottom of the plants is usually less aired and more humid. In order to get rid of this canopy effect the effect of leaf age on the whole plants should be assessed in the laboratory, where the different leaf layers would be adequately evaluated. Plant age has also been little investigated (Bouhassan et al. 2004b) , despite being an important issue in the study of resistance (Develey-Riviere and Galiana 2007). The same can be said of the effect of temperature, which is known to be of great importance in the process of infection (Harrison 1988) . However, its relationship with resistance has hardly been the subject of research (Bouhassan et al. 2007 ).
The main objectives of this work were: 1) to critically compare different methods of screening and discuss their adequacy for selection breeding and for characterisation of components of resistance; and 2) to assess the influence of leaf age, plant age and temperature on the differential genotypic responses to the disease. For this purpose, a germplasm collection of 42 accessions of Vicia faba that had shown responses of interest to Botrytis fabae in previous studies (Villegas-Fernández et al. 2009 ) was made use of. The accessions were evaluated in the adult plant stage in the field and in the seedling stage under controlled conditions using detached leaflet and whole plant tests. Finally, the influence of plant age and temperature was assessed in a whole plant test, by studying the response to infection of a group of accessions of two different plant ages at three temperatures.
Materials and methods

Field trials
Experimental design
Two field trials were carried out at Cordoba, southern Spain, in the crop seasons 2004/2005 and 2005/2006. A randomised complete block design with three replications was used in each case. Ten seeds of each accession were sown in 1 m long rows at 70 cm row distance. The susceptible check ILB 365 (used by ICARDA for its chocolate spot trials) was grown every second row.
Inoculation
In order to ensure high disease pressure, artificial inoculation was used. A local monosporic isolate of B. fabae (Bf-CO-05) was multiplied in Petri dishes (9-cm diameter) containing potato dextrose agar medium (Oxoid) and incubated in darkness for 3 days at 19°C, and then exposed to a cycle of 12 h of visible light and 12 h of darkness at the same temperature for 3 weeks. Two hundred Petri dishes were used. Then the medium was removed from the dishes and mixed homogeneously with 15 l of sand and distributed in the field 4 weeks after sowing. This process was repeated 4 weeks later in order to ensure the presence of inoculum during the most propitious period for the development of the disease. Overall, approximately 800 ml of the mixture were poured along each row of plants.
Disease assessments
Disease severity in each line was evaluated as a visual estimation of the percentage of the total plant surface covered with chocolate spot lesions. Assessments started 2 weeks after inoculation when first symptoms of chocolate spot were visible and were repeated four times every 7-14 days until the podding stage.
Detached leaflet test
The procedures for our laboratory experiments were the result of multiple previous tests carried out to obtain the conditions (inoculum concentration, incubation period, humidity, etc.) for a better discrimination of the response of genotypes.
Plant material, pathogen, and inoculation
Accessions were grown in 1 l plastic pots filled with a mixture of sand and peat and grown for 3 weeks in a growth chamber at 20°C with a photoperiod of 14 h of visible light (150 μmol m −2 s −1 photon flux density) and 10 h of darkness. One experiment was carried out, and the number of replications per accession varied from 3 to 4. Isolate Bf-CO-05 was grown in PDA medium as described above. The content of the Petri dishes was chopped into small pieces with a scalpel. These pieces were placed into bottles of autoclaved V8 medium (270 ml V8 juice, 30 ml deionised water and 3 g agar, at pH 5.5) while still liquid. The content of one Petri dish was distributed in two bottles. This mixture was then poured into empty Petri dishes and grown for 7 days at 19°C under a cycle of 12 h of darkness and 12 h visible light+near UV radiation, by which time a carpet of sporulating mycelium was clearly visible.
One leaflet was detached from each of all fullyexpanded leaves per plant and placed onto a square Petri dish (15×15 cm) containing water-agar (0.4% w/v) medium. The number of leaflets taken per plant varied from 2 to 4, depending on its degree of development. Each square Petri dish contained only leaflets taken from a single plant.
A spore suspension was prepared from the cultures of B. fabae in the V8 medium. For this, a glucose solution (1.2% w/v) was poured onto each dish (10-15 ml per dish), and the spores were dislodged by scraping the surface of the medium with a needle. The suspension was filtered through two layers of sterile cheesecloth. The spore concentration was adjusted with the help of a haemocytometer and diluted with the glucose solution until a concentration of 1. and 10 h of darkness. One ml of water was added 24 h later at the bottom of each Petri dish taking care not to allow it to contact the leaflets, in order to ensure an environment of high humidity.
Assessment
Lesion diameter was recorded 2, 3 and 6 days after inoculation. Average lesion size (ALS) was calculated for each plant at each evaluation time as the mean of the areas of lesions of all of its leaflets in that moment.
Whole plant test
Plant material, pathogen, and inoculation
The accessions were managed in the same way as for the detached leaflet test. One experiment was carried out, and the number of replications per accession varied from 3 to 4. The spore suspension was prepared as described above, using the same isolate and adjusting it to a final concentration of 4.5×10 5 spores ml −1 . Threeweek-old plants (4-6 expanded leaves) were sprayed to run-off with about 1.5 ml spore suspension per plant. Pots were kept overnight in an incubation chamber in the dark at room temperature with a relative humidity ≥95%. Then they were transferred to the growth chamber at 20°C with a photoperiod of 14 h of visible light (150 μmol m −2 s −1 photon flux density), where relative humidity was maintained over 90%.
Assessment
Disease severity (DS) was assessed as the percentage of the total plant surface covered with chocolate spot lesions. DS was also assessed on each expanded leaf separately. In addition, the damage in stems was assessed on a 0-3 scale (Rhaïem et al. 2002) where 0=no visible infection; 1=a few scattered lesions; 2=numerous lesions; 3=very numerous and coalescent lesions. All recordings were made 2, 4, and 6 days after inoculation. In order to study the possible effects of leaf age on susceptibility, mean DS of the leaves belonging to the lower half of the plant (older leaves) was calculated, and the same was done for those of the upper half (younger leaves). When the number of leaves was odd, the value of the middle leaf was not included in either half. The DS values of each half were expressed relative to the total DS of the plant in order to carry out the statistical analyses.
Influence of plant age and temperature
Plant material
Based on their response in the whole plant test, accessions BPL 710, ILB 365, ILB 4709, 237, 324, 544 and 1809 were selected to study the effect of plant age and temperature on disease expression in whole plants. They were grown and managed as described above but with a photoperiod of 12/12 h light/dark. Two sequential sowings were performed, separated 3 weeks in time, in order to have plants of two different growth stages at the time of inoculation. The experiment was conducted once with 3 replications.
Pathogen, inoculation, and assessment
Procedures were the same as those used in the previous whole plant test, with minor modifications. Inoculation was made 7 weeks after the first sowing, on 7-week-old plants with 13-20 expanded leaves, and on younger 4-week-old plants, with 8-10 expanded leaves. Each plant was sprayed with about 2 ml of a spore suspension (3.2× 10 5 spores ml −1 ). The inoculations of the replicates were staggered to accommodate them in the limited space available. After inoculation, plants were incubated at 13, 20 or 25°C in 3 different growth chambers. Six plants per accession (3 old and 3 young ones) were transferred to each chamber, incubated in darkness overnight and then maintained there with a photoperiod of 12 h of visible light (150 μmol m −2 s −1 photon flux density) and 12 h of darkness and relative humidity higher than 90%. Evaluation was made 8 days after inoculation. DS was assessed as in the previous whole plant test. Stem damage was not evaluated in this case.
Statistical analysis
Before carrying out analyses of variance (ANOVA) data from the field and whole plant trials were transformed using the arcsin √x transformation in order to compensate for the evaluation bias and increase the normality of their distribution. When necessary, the area under the disease progress curve (AUDPC) was calculated as follows:
y i value of evaluated parameter at day 1 x i time (days) n total number of observations Before comparing the evaluation methods the AUDPC from the two field trials were expressed relative to the AUDPC of the susceptible check (rAUDPC) and averaged to minimise environmental variation.
Results of the different accessions were compared to those of the susceptible check ILB 365 using Dunnett's test. In order to study the differential response to disease of leaves depending on their age, an individual analysis of variance for each accession was carried out, with plant half (upper or lower as defined above) being the fixed factor. For these analyses the DS values of each half were expressed as a proportion of the total DS of the plant. Plant halves were compared by LSD tests at p<0.05.
The influence of plant age and temperature was assessed by means of factorial ANOVA with accession, age, and temperature as fixed factors. Replications were considered as blocks in the design of this experiment. Means were compared by least significance difference (LSD) tests (p<0.05). In the case of the detached leaflet test, Pearson correlation analyses between lesion diameter and time were employed to establish whether lesion growth follows a linear pattern. The slope of the subsequent unweighted least squares linear regressions provided the rate of lesion growth, which is an important epidemic component (Berger et al. 1997) . Comparisons between laboratory tests and field trials were also made by Pearson-correlation analyses of the different evaluation parameters employed.
All statistical analyses were performed using Statistix 8 (Analytical Software, Tallahassee, FL, USA). (Table 1) .
Results
Field trials
Detached leaflet test
First symptoms started 24 h after inoculation, and after 48 h round lesions were visible at the site of inoculation in all genotypes. There were clear significant differences among accessions for both final average lesion size (ALS) and for AUDPC (ANOVA, p<0.0001 for both parameters) ( Table 1) . Lesion growth followed a linear pattern over time (Pearson correlation analyses for each accession, data not shown). The rate of lesion growth, expressed as the slope of the regression line, ranged from 0.94 mm/ day in accession 132-1 to 4.37 mm/day in the susceptible check ILB 365 (Table 1) .
Whole plant test
Small necrotic spots appeared 24 h after inoculation, which had evolved into typical chocolate spot lesions 24 h later. Aggressive lesions were visible 48 h after inoculation. By 96 h after inoculation there were clear significant differences among accessions (p<0.001). The best-performing accession was ILB 4726 with 8.8% of the score of susceptible check ILB 365 (DS=68.2%) ( Table 1 ).
Significant differences between plant halves were observed in 23 of the studied accessions (Table 1) ; subsequent LSD tests showed that DS was higher in lower halves than in upper ones in all those 23 accessions (data not shown). An additional analysis of variance for DS of the 42 accessions revealed a significant effect (p<0.001) of leaf age influence (existence or not of significant differences between plant halves). The ensuing LSD test (not shown) demonstrates that the average DS across those accessions in which a difference between plant halves exists was higher (35.4%) than in those in which there were no differences between plant halves (16.6%). Leaf age influence was observed in 12 of the 14 accessions with high DS values (> 30%); in contrast, an influence of leaf age was present in only 11 of the 28 accessions with DS<30% (Fig. 1) .
The analysis of variance for damage in stems did not reveal significant differences among accessions (data not shown). When these results were compared 
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accession BG 1251 was not evaluated in the field trial; it was not included in the rankings of any of the three tests (11) asterisks indicate values significantly different from the value of the susceptible check ILB 365 (Dunnet's test at p=0.05), employing arcsin √x transformed data to those of DS, no significant correlation was detected (data not shown).
Comparison of screening methods
There were significant and positive correlations between the results of all experiments (Table 2) . Averaged field results were better correlated with whole plant final DS results (r=0.60) than with detached leaf final ALS ones (r=0.37); correlation coefficients did not improve significantly when other evaluation parameters were tested.
Influence of plant age and temperature
The factorial analysis of variance for DS revealed significant differences for accession, temperature, and for the age×temperature interaction (Table 3) . The mean DS values of the accessions (Table 4) reproduced well the scores achieved by these accessions in the previous whole plant test. In that experiment this subset of 7 genotypes correlated highly with their performance in the field trials (r=0.92, p <0.01).
Results of the assay for plant age and temperature correlate well with both those of the whole plant test (r= 0.84, p<0.05) and of the field trials (r=0.85, p<0.05). At 20°C DS was higher in younger plants than in older ones, while the opposite was true at 25°C. At 13°C there was no difference between ages, DS values being the lowest of all (Table 5) .
Discussion
The results of the field trials depended on the years, which differed greatly for disease pressure. In order to get reliable results, it is therefore necessary to carry out multi-site and multi-season experiments to identify the most stable material and to remove environmental and year to year variation (Yan 2002) .
The correlation coefficient between laboratory trials and the averaged results of the field experiments was higher for the whole plant test (0.60) than for the detached leaflet test (0.37). These results confirm the low correspondence between both laboratory and field tests of Bouhassan et al. (2004a) and raise serious doubts about the efficacy of the detached leaflet test for assessing the responses of faba bean plants to chocolate spot. Although it has been widely used (Hanounik and Robertson 1988; Bouhassan et al. 2003 Bouhassan et al. , 2004a , as far as we know only Bouhassan et al. (2004a) had carried out before a study on the correlation between field and laboratory trials. In their work, different components of resistance were measured in a detached leaflet test and correlated with the value of the AUDPC of the disease score index of a field experiment. Correlation coefficients ranged from 0.26 to 0.32 and were thus comparable to our results.
Our results do not sustain either the assumption that detached leaf tests are more consistent with field results in the case of highly susceptible and highly resistant genotypes, with discrepancies mainly found (Bouhassan et al. 2004a) . Therefore, whole plant tests should be used instead of detached leaf tests whenever possible.
We did not observe a relationship between the damage in stems and in leaves, as it had been noted previously (Rhaïem et al. 2002) . Except for the case of very susceptible stems, which we did not find, the level of severity in leaves should be considered when selecting material.
Our results, obtained from a greater number of accessions than were assessed in the previous studies on chocolate spot, show that the influence of leaf age is dependent on genotype, since the higher susceptibility of older leaves was not present in a large number of the evaluated accessions. However, it is remarkable that in the accessions with the higher DS values, older leaves were more susceptible to chocolate spot, while in the rest of the accessions a mixed response was obtained. This might suggest that young leaves of V. faba present constitutively more resistance to infection by B. fabae than older ones. However, this effect of leaf age might be masked by possible additional mechanisms of resistance giving rise to the diverse reactions that we have encountered. The mechanisms underlying these different reactions ought to be further investigated, since a deeper knowledge of these processes would be most valuable in understanding the complex plant-pathogen interaction.
While there was no interaction of the factor accession with plant age or temperature the interactions of plant age and temperature were remarkable (Table 5 ). The overall low susceptibility at 13°C in both older and younger plants is in accordance with the reported slowing of lesion expansion at temperatures below 15°C (Harrison 1988) . The contrasting results at 20°C and 25°C (Table 5 ) are due to a reduction in severity in younger plants from 20 to 25°C, whereas severities in older plants were increased, albeit not significantly from 20 to 25°C. It thus seems that V. faba plants become less susceptible to chocolate spot as they grow (which is in accordance with the results of Bouhassan et al. (2004b) ), but that a temperature of 25°C triggers some kind of resistance mechanism in younger plants. It is known that different genetic systems may control the response to disease in younger or adult plants (Coelho et al. 2009) , so this could be the case with chocolate spot too. This suggests the existence of a degree of high-temperature youngplant resistance, though this hypothesis should be further investigated.
Although our results cannot be generalised for every possible genotype, the seven accessions used represented a wide range of responses to B. fabae infection both in the field and laboratory experiments; it is remarkable that they all reacted in the same agedependent way to temperature. There are known cases of resistant accessions becoming susceptible as they age, as in the chickpea/Ascochyta rabiei pathosystem (Basandrai et al. 2007) , and also cases where the opposite is true, e.g., the cabbage/Hyaloperonospora parasitica pathosystem (Coelho et al. 2009 ). In addition, there are examples of genes responsible for resistances being influenced by temperature (Skinner and Stuteville 1989; Fondevilla et al. 2006; Wang et al. 2009; Webb et al. 2010) . In V. faba it has been found that resistance to Uromyces viciae-fabae is not dependent on plant age, while higher temperatures do induce resistance in some genotypes (Sillero et al. 2000) . With regard to faba bean/B. fabae, as far as we know there are only two studies concerning the relationship between resistance and plant age (Bouhassan et al. 2004b) or temperature (Bouhassan et al. 2007 ). These works were based on detached leaf tests, so their results should be taken with some reservation. In the first article, no interaction between plant age and genotype was reported, as in our work; in the second one, an interaction was detected between temperature and genotype, but it did not imply an influence of temperature on resistance. Six accessions share the ten best-performing positions both in the averaged field trials and the whole plant test (132-1, 135-1, 174-1, BPL 710, ILB 4726, ILB 5284). They may be proposed as promising sources of resistance to chocolate spot in this area of Spain. Only four of them (132-1, 135-1, BPL 710, ILB 4726) had been included among the group of ten accessions identified as interesting resistant sources in a previous multi-environment test (Villegas-Fernández et al. 2009 ). Thus, the whole plant test in this work has allowed us to fine-tune that previous selection process and choose those accessions that are best suited for the particular environment at Cordoba and, additionally, to identify two new sources of resistance that would have been otherwise overlooked.
In conclusion, this work shows that the laboratorybased whole plant test is a promising tool for assessing the response of V. faba plants to B. fabae, being useful not only for screening but also for studying various aspects of the disease. Clearly, the greater susceptibility to chocolate spot of older leaves in comparison to younger ones is not a general phenomenon but seems to be genotype dependent. The overall genotypic responses of faba bean to chocolate spot do not appear to be influenced either by plant age or temperature, while temperature differentially affects the reactions of younger and older plants.
Six accessions were selected as interesting sources of resistance for breeding programmes in the south of Spain. Further work ought to focus, on the one hand, on incorporating the best sources of resistance into genetic backgrounds of commercial interest and, on the other hand, on investigating thoroughly the mechanisms underlying the effects of leaf age and the interactions between plant age and temperature.
